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The  cytology  of  microorganisms  floatir^  freely  in  *i*c*phm*ic  end 
ecctre-atswspheric  space  has  so  far  been  subject  to  relatively  little  sys¬ 
tematic  investigation,  Fbr  instance,  we  knew  vezy  little  about  the  strue- 
tores  and  neohaidSKS  that  enable  a  whole  series  of  mlcr^orgahicw  types  to 
withstand  long-lasting  periods  in  the  atmosphere  without  any  loss  of  vital¬ 
ity,  while  other  microorganisms,  under  the  same  conditions,  mostly  lose 
their  capability  to  multiply  after  a  very  short  time, 

T»  prepare  the  way  for  investigations  in  tbi*  field»  wo-  tried  to 
determine  in  this  work  just  exactly  to  what  extent  filtration  methods  are 
suitable  for  the  isolation  of  air  germs  and  what  mast  be  taken  into  consider¬ 
ation  in  the  use  of  such  methods,  , 

Filtration  methods,  within  >»»  framework  of  microbiological  aerosol 
analysis  methodology,  have  by  far  not  been  used  in  as  manifold  a  fashion  as 
in  dust  measurement  techniques  imping ar  methods  proved  to  be  superior  in 
most  esses  to  the  air  germ  filtration  methods  tested  so  fcr. 

Kruse  (1948)  isolated  air  germs  with  the  help  of  methrahe  filters 
which  he  directly  placed  on  solid  nutrient  media,  following  the  filtration 
process,  without  ary  further  treatment,  and  which  he  then  incubated  until 
the  development  of  macroscopio&lly  recognisable  colonies ,  This  kind  of 
method,  at  best,  made  it  possible  to  determine  the  number  of  goorm-laden 
particles  contained  in  the  air  volume  examined.  Total  germ  counts  however 
cannot  be  performed  in  this  fashion  (see  Albrecht,  1957).  $f  the  way,  the 
method  of  Kruse  can  be  used  in  establishing  only  relatively  small  germ 
counts,  in  each  ease,  as  is  true  of  all  of  the  other  direct  methods,  Br» 
eossively  high  germ  oc  tuts  give  us  colony  overlaps  [colony  overlaps  result 
in  excessively  germ  counts]  sad,  under  certain  circumstances,  we  also  get 
antagonistic  effects  t  these  excessively  high  gem  oouwfca,  moreover,  sen 


predue*  censiderabX®  sucgectiwe  counting  errors  (Sismela,  1965)  *  But  it  $,s 
precisely  in  *®rg©i  investigations  that  we  mast  hav®  rery  relasdncue  samssv 
leal  data  is  order  to  get  st^tistieally  reliable  #3cpsrisi»i£l  results  ,  In 
ordsr  to  eesrort  the  .*ru*e  a«thod  into  sn  initr&ei  ®$iSbsd8  Ss^hrsy  and 
Sedas*  (i>55)  reduced  tbs  filiars  employed  for  flltratim  by  seehanlefel  mmmi 


sot  require  any  great  effort,  it  app* srsd  &  gc-ed  idea  to  in* 


was  tkm  dried  at  50  Qt  To  mature  tfc  air  ttoeogh-i^t,  m  need  masurowmi 
tehee  supplied  by  fX«eh«r  and  Pbrtas*,  Gottingen, 

The  gelatin  mt«f»ew*  dissolved, 

in  m» h  case.  in  1  i  of  0«M  HsLhpQ,  solution,  at  39®“^  C.  The  result* 


in  each  ease,  si  of  0«P$  Ha^HPC^  solution,  at  jSr^kQ  C.  The  result* 

ant  suspensions  were  stirred  for  about  10  admit®*  by  aeans  of  sterile  mg- 
'  Retie  Barring  reds  and  they -were  then  wholiy  or  partly  filter**  through 
•taorlle  »®sbrane  filter  MF  Jb  with  grill  network  [grid}.  The  membranes  fll* 
tars  were  then  inoubated  on  peptcr.»»gluoo*e»  aga:'  (see  below). 

fap^or  Mathod.  w®  wad  aidget  isspingsrs  (air  through-puts  3.78 
1/idn) w~rin+«rval  between  noasl*  opening  and  container  [vessel] 
bctton  *  J)  «snt  KAGI~30wf  air  throughput t  12  If  min)  and  modified  Brens  is»* 
pingfip  iMpingars  (see  Windi^jh,  1965;  inside  diameter  of  Inlet  pipe  about 
7  mk,  noftsle  dimste+nr  about  1  a»t  air  throughputs  12  l/ndn)»  The  Impinge? 
solution  (!.0  id  per  midget  linger,  30  ml  par  Af»I  unit.  65  *1  per  Bronn 
iapinger)  consisted  of  a  votary  solution  of  0o2$  gelatin  and  0,k$  NtgHPO^, 

for  uaa  in  addget  •*•**  Mix  units,  mostly  with  the  addition' of  0.02$  silicon 
•  defoanar  Bteyer  fi  t,v  0.01$  Ar+ifOam  AF  (Do w  Doming).  The  midget  imping er* 
were  wed  in  tsewhination  with  the  sequential  sampler  of  the  Qelwarn  Instrument 
Cfenpany,  Chelsea,  IftoMgim;  Aaro*®t  membrane  pomp*  were  used  to  operate  the 
2  other  impinges*  type*.  After  oonpletion  of  the  collection  phase, the  entire 
impinge?  solution  or  a  certain  portion  thereof  was  in  each  cess  filtered 
through  a  sterile  aaeabraae  filter  KF  30  -ith  grid  net,  wMoh  rms  then  Incu¬ 
bated  m  f>«pton«»gluae  "e-agar.  ■  ■ 

Butrinat  Ifadlw.  Psptehe  0,3$;  glwese  0,5$;  Had  0,3$;  PaSC^*7^0 
traces  in  ease  of  solid  nutrient  mdiai  agar  i,5&  pH 
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Aerosol  Channel.  £ Canals  Poet],  We  ussd  &r*  aerosol  duct  built  accord® 
*ng  to  verbal  information  from  Goets,  Pasadena,  This  channel  [duet]  was 
?*35  «  long  in  «*u*  esporlmsftto  (without  at osd&er  ssouik}.  It  consisted  of  a 
glass  pipe  with  an  outside  dimeter  of  about  60  m  am  a  wall  thickness  of 
about  1,5  m»  W@  atesaitjed  with  met&l-noMle  atomisers  provided  the  Hey  or 
Company  of  Bad  Ssis,  with  air  throughput  of  mostly  6  l/adn*  Right  after  the 
atomiser*  an  additional  6  lit*,  s  of  air  per  minute  were  added  to  the  duet 
as  supplementary  air*  through  a  C-nde®  ^  signed  by  Goeto,  This  additional 
air  contributed  to  the  development  of  sn  almoct  laminar  flow,  Th®  micros 
organism  sells  thus  each  time  spent  about  I  minute  2?  sseonds  in  the  aerosol 
duet*  To  dose  th®  sir  volume  flowing  into  the  duet*  w®  used  measurement 
pipes  by  the  FS.scher  and  Porter  Company  with  needle  valve.  The  volume  of 
suspension  atomised  par  experiment  was  detandned  mostly  by  mms  of  weight 
difference  determination.  Daring  the  last  experlssento,  we  used  an  atomiser 
which  was  provided  with  a  continual  feed  system  and  a  calibrated  measurement 
pipe  [tub*].  The  supplementary  air,  which  in  soma  of  the  experiments  had 
been  pr®»f!Xterod  through  MF  30,  came  from  eompr<s3  sod-air  bo t ilea  [tanks]. 
The  establishment  of  Isokinetic  flow  condition  a  did  not  appear  to  be  absol¬ 
utely  required  in  our  investigations.  Surplus  aerosol  could  leave  th©  duct 
practically  without  ary  stagnation. 


Test  Organisms.  The  test  organisms  used  in  the  experiments  with  the 
aerosol  duct  were  Serratia  aiaroescens.  Strain  l53*N  from  the  T«stitut®  of 
Microbiology  of  th©  Bhivarsity  of  Gottingen,  as  well  as  Bacillus  subtiljs  var 
nlgyr  (Bacillus  Globigif ).  ATCC  Strain  9372,  after  at  leastT^ays  of  prior 
cultivation  in  peptone-glucose  nutrient  solution  (100  ml  in  300  mJUErlenmeyer 
flasks)  ([1]  Bacteria  cells  from  growing  cultures  tolerate  atomisation  ax- 
treraely  poorly;  see  Goodlcw  and  Leonard,  1961),  To  kill  th®  vegetative 
calls,  the  cell  suspensions  of  Bac  subtiljs  var  niger  were  dipped  in  boiling 
water  for  30  second*.  The  codeentoatlen  of  cells  capable  of  mltiplying  va» 
determined  with  the  help  *>f  dilution  series,  filtration  through  MF  30  with 
grid  network  and  Incubation  on  pepton^glucose-agar,  by  counting  th©  macro- 
soopioally  recognisable  colonies,  As  Uehleke  (1953*  &*•  also  Uehleke  and 
Boetsehko,  195?)  were  able  to  deter  Mins,  this  method  is  clearly  superior  to 
the  plate-casting  [plate*. pouring]  method. 


Ik”*1*'  y.tjlon  of  Experiment.  The  experiment  'as  evaluated  partly  by 
counting  the  oolordes  that  became  maeroscopically  visible  and  partly  ®»  « 
result  of  microscopic  investigation  of  stained  membrane  filters  that  had 
been  rendered  transparent. 


To  facilitate  the  macroscopic  count  in  preparations  with  prodomlnen  iy 
colorless  microorganism  lord  os,  contrast  staining  with  0,01#  watery  mala¬ 
chite-green  solution  was  performed  in  accordance  with  the  data  in  th* 
Mlllipore  Application  Data  Jfenual  (ADM-40j  1961). 


Iter  the  microscopic  contrasting  of  the  preparations,  we  tried  methyl¬ 
ene  bine  staining  (AaWsch,  1953*  195^),  motigrlen®  blne-fcohsin  staining 
(MUipore  Application  Data  Manual  ADft-h0),  methylene  blue- oarbol «yUsro«in 
(staining  (Jiojkcwa,  1959)#  oarbtderythrosln  tt&lnlflg  (Si«saU,  1965)  as  well 
as  dram  staining  vwainfartner  and  assoc,  1956),  - 

i 


fh#  '*"*«sp&rsney  of  hhs  menfersjs®  filters  necessary  for  microscopic 
investigations  ms  achieved  either  by  soaking  with  iassevslcti  oil  o*  by  the 
dissolution  of  the  pore  structure  with  aethyieelXosolve,,  respectively,  with 
absolute  alcohol  and  ether  vapor  {Boat,  1963)* 

Wham  the  latter  two  awihcdr  a?®  used,  the  outlines  of  the  aerosol 
droplets,  absorbed  on  the  filters,  are  caused  to  disappear,  along  with  the 
pore  structure,  These  droplet*  can  therefore  bo  oi'erved  only  when  we  use 
the  lsH«g»sion  oil  method. 


Msll* 

i,  Carar*  .-nation  of  Gelatin  Filters  Provided  by  the  Membrane 
Filter  Qaapaiar  ““  .  -  — - 

The  first  gelatin  filter  lots,  procured  from  the  Membrane  Filter  Co, 
revealed  little  uniformity  with  respect  to  their  properties.  In  connection 
with  the  absorption  of  particles  atomised  from  a  2$  Oongo  Red  suspension 
it  was  found  that  only  about  half  of  all  the  filters  examined  were  covered 
on  the  front  side  with  a  howugensous  red- brown  dyestuff  layer  and  that  they 
simultaneously  retained  an  unstained  reverse  side.  The  others  either  were 
highly  resistant  against  the  air  current  and  revealed  bright  strips  after 
filtration,  Indicating  lhat  there  had  been  no  filtration  effect  at  all  here, 
or  they  had  pores  of  such  Use  that  their  reverse  side  likewise  was  definite¬ 
ly  stained.  Those  gelatin  filters  were  »»stly  considerably  thicker  than  the 
nsnbrane  filters  (the  latter  are  only  about  i50  millisdortms  thick)  but  they 
revealed  considerable  thicknesses  also  among  themselvea.  Measurements  on 
iO  filters  gave  us  thicknesses  between  2i0~b25  sllliwicron*  in  the  border 
sons  and  260-^35  idlllml crons  in  tho  middle  region. 

Coulter  Counter  swasuramsntis  revealed  ♦hat  the  nenhowogeneity  of  the 
filters  was  due  not  only  to  their  thickness  but  also  to  the  nor homogeneity 
of  the  gelatins  used. 

Ch  the  basis  of  these  findings,  the  gelatin  filter  production  wetisod 
was  improved  «o  that  w*  n<«  have  gelatin  filters  of  quite  uniform  filtra¬ 
tion  effectiveness  available.  These  filtera  are  not  as  thick  and  the  thick- 
ttesa  fluctuation*  likewise  are  smaller.  Measurements  conducted  with  8  fil¬ 
ters  from  a  lot  [delivered]  in  October  1965  gave  us  thicknesses  between  200- 
200  ed  Hint  crons  in  the  bolder  sene  and  19&-290  millimicrons  in  the  middle 
region.  Thinner  filters  (140-135  millimicrons)  likmrise  ptmm.  useful  in 
laboratory  rTperiments,  With  the  help  of  the  Rcy oo  Particle  Cbu.,-«r  as*i 
through  the  evaluation  of  eleetron-wicroacope  pictures  it  was  discovered 
that  all  gelatin  filters  suitable  for  air  g**s  filtration  have  an  efficiency 
of  alssoot  100£  for  inter  ariS  Oongo  Red  aerosol  particles  with  a  diameter  of 
0.5  sdllimlcrons, 

ftiperlmmats  intended  to  determine  the  efficiency  of  the  gelatin  filter 
with  respect  to  bacteria  aerosols  were  ooadueted  with  the  help  of  Eadllms 
aubtilia  war  pdfy  la  the  aerosol  duet.  Ser «  2  filter*  were  superposed  <3» 
ftiaoedia  the  «lr  ilHvat&oi  equipment  used  for  exhaust  purposes  at  the  duet 


sodtj  in  front  we  had  the  filter  whose  permeability  was  to  be  tested  ays!  ' 
'  after  that  w®  had  one  gelatir  filter.  Overlooking  the  jaafcer  of  bacteria 
cells  passing  through  the  second  filter,  r®  obtained  the  following  permea¬ 
bility  percentage  for  the  filter  tested* 


respectively,  an  efficiency  percentage  of 


100 


K, 

'a. 


im 
I  K, 


whereby 

5L  *  number  of  cell®  capable  of  reproducing  on  the  forward  filter  and 
K,  *  number  of  cells  capable  of  reproducing  on  the  rear  filter. 

In  the  computation  of  the  permeability  of  the  MF  500  and  MF  100  mem¬ 
brane  filters  tested,  we  took  the  values  for  K.  which  were  determined  in  con¬ 
nection  with  the  testing  of  the  gelatin  filters. 

The  dependence  of  the  B»  values  on  the  filtration  speed  in  the  range 
between  Z  and  iZ  cm  *  sec"**  is  shown  in  Figure  1.  As  we  can  see,  the  effi¬ 
ciency  of  the  gelatin  filters  examined  i:  between  that  of  the  W  500  and 
MF  i00  membrane  filter*,  this 'Is  in  keeping  with  the  results  of  the  above-, 
mentioned  investigations  with  Congo  Red  and.  latex  aerosols. 


Figure  i,  Iffteiency  of  MF  500,  MF  gelatin  and  MF  100  for  a  toad  sail  or  from 
agreed*  of  Sag  aubtllis.  vmr  slay.  prepared  fro*  0*8#  Sad  solution,  otm* 
puted  fbr  flltwuSn  si^eeda  of  1 *99-11*95  cm  »  seer*, 
lay*  a.  fleaaur meant  valuea  o.  Filtration  spaed 

b.  Average  of  measurement  value « 


Dnfortuattcly,  ethylene  oxide  sterilisation  cause.  a  gradual  reduction 
in  the  filter  solubility.  Fresh  gelatin  filters  or  gelatin  filters  that  vsrs 
vitly  a  tm  months  old,  on  the  other  hand,  can  be  used  under  alisost  *11  con¬ 
ditions,  for  instance,  also  in  case  of  minus  temperatures 3  only  aerosols 
rith  a  very  high  moisture  content  can  impair  the  efficiency  of  the  filters 
be  ftwftening  and  enlarging  the  pcr«.s. 

({2]  The  speed  cf  perforation  and  the  sice  of  the  hole*  resulting 
can  be  determined  very  easily  by  taking  a  membrane  filter  which  has  been 
placed  under  the  gelatin  filter  during  aerosol  filtration  and  then  staining 
it  according  to  Sujkowa  (195?)  and  examining  it  under  the  mer'' scope  after 
soaking  in  lmme*aion  oil.) 

2.  Mr  Gem  Yield  Resulting  from  the  0 se  of  Gelatin  Filter  Methods 

Figure  2  snows  us  the  disadvantages  of  the  Kruse  membrane  filter 
method:  in  macro- colony  counts,  we  can  never  determine  the  total  number  of 
the  «4oi oorgarrf  s»  cells  that  reached  the  filter  because  in  many  cases  only 
one  single  macro- colony  becomes  recognisable  in  places  where  several  adcro~ 
organism  calls  have  hit  the  filter.  The  error  due  to  such  overlap  ejects 
grows  as  the  density  of  the  microorganism  cells  absorbed  on  the  membrane 
filter  increases t  Indeed,  it  grows  very  rapidly,  op  to  a  point  at  which 
macro- colony  counts  become  meaningless ,  The  use  of  the  abovementioned  gel¬ 
atin  filter  method  however  does  not  involve  these  difficulties  because  in 
thi»  case  it  is  possible  tc  produce  any  desirable  dilutions  and  to  reduce  the 
larger  particle  segregates  quite  extensively. 

Compared  to  the  drying  effect,  connected  with  the  filtration  process, 
the  mrmal  components  cf  the  natural  air  sdcroflorr  are  so  resistant  that 
their  vitality  is  not  impaired  to  any  great  extent  as  a  result  of  this. 

(£33  The  situation  Lem  ever  is  eiffsrent,  with  respect  to  the  significance  of 
the  drying  effect  in  the  methods  of  impaction  on  solid  nutrient  media  rnuv 
fao«*.  Sire  we  get  meetly  relatively  high  flow  speeds  and  there  is  a  possi¬ 
bility  that  the  structure  of  the  nutrient  medium  might  be  altered  unfavorably 
lu#  to  the  drying-out  procsss,)  L,  the  course  of  ooMparatdve  general  expeiv 
issats  in  the  vi«iBity  of  the  Institute  of  Aerobiology  it  was  therefore  pos¬ 
sible,  with  the  help  of  the  gelatin  filtor  method,  to  eatablisi.  in  most  cas*«5 
aor»  germs  par  tsr&t  of  air  volume  than  when  we  use  an  AGi-30  iapinger.  The 
ratio  between  the  member  of  growing  bacteria  and  yeast  colonies  and  the 
number  of  mold  fungus  and  *ct±aosycete  colonise  differed  hardly  from  the 
ratio  det  trained  in  parallel  aeperi  merits  with  8ochrs  plate  method. 

(|>3  A  detailed  publication  on  this  #uuj«^*  io  scheduled  for  a  latar 

date.) 

Investigations  conducted  on  board  boats  in  the  bJtf  of  kaples  (el era- 
tier  ftbomt  1  a  above  see  level)  on  the  other  hand  revealed  considerately 
smaller  percentages  of  bturtesle  and  yeast  00 Ionia*  ia  the  gelatin  filter 
aetteid,  than  i»  tfe*  plate  method.  Ctoviously,  many  sensitive  maritime  bac¬ 
teria  bad  fftllem  victim  i©  thmAryifcg  action,  <{53  these  investigations 
CnMdto  00  fey  m^bUsbedj  1 wn»  ccndnotad  dth  the  support  of  the  German 
tamewch  Aascdatica.) 

—  6  — 
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Figure  2.  Air  germ  yield  resalting  from  use  of  Kruse  membrane  filter  method 
(a,  MF  30  with  grid,  boiled  in  distilled  water  for  3  *  iO  rain,  and  dried  in 
sterile  Petri  dishes)  and  from  gelatin  filter  method  (b)  in  the  rabbit  hutch 
of  the  Institute  of  Aerobiology  (-ridge*- irking er  values  «  100$,  mostly  be¬ 
tween  15  and  SO  colonies  per  .Liter  of  air).  In  each  case  we  filtered  12  1 
of  air  per  minute.  The  gent  content  fluctuations  were  generally  consider¬ 
ably  smaller  in  the  air  of  the  rabbit  hutch  than  on  the  outside  but  the 
hutch  air  appeared  to  contain  relatively  many  germa  that  v«re  sensitive  to 
longer  filtration.  This  might  partly  explain  the  rather  considerable  initial 
drop  in  th*  curve  at  b.  The  rather  strong  initial  rise  in  curve  a  seems  to 
be  due  to  the  properties  of  the  membrane  filte,  *  When  the  1-  and  2- minute 
filtration  experiments  were  repeated  several  times,  W'  obtained  average* 
which  did  not  essentially  differ  from  those  given  herd;  the  distribution 
{spread]  of  the  individual  measurement  data,  hewevsr  was  qui+*  considerable 


Art  seat  eases.  Greater  measurement  accuracy  could  be  achieved  c:.\ 
of  filtration  experiments  lasting  at  least  4  minutes. 


in  case 


a.  m  m&orocolonieg  ter  1  of  &lv  after 

*  aefxrooolonies  p«v  Tof~air  after 


trat 


^  s  10c 


b,  eoaaureaent  values 
e,  average  of  measurement  values 
d.  duration  of  filtration 
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the  cosponsnts  of  the  air  nteroflcra  can  withstam  ®.f  dart 

of  adherence  to  gelatin  filters  without  a  ~Ig*itfieant  vitality  loss  (see 
figure  3),  It  is  therefore  possible  to  allow  a  relatively  long  interval  of 
tJs»  to  pass  bcbseem  the  oo”  .motion  phase  and  the  laboratory  Investigation 

«#  #wh» 


Figure  3.  Ooloey  yield  as  a  function  of  the  deration  of  tl*e  interval  be¬ 
tween  air  g«r»  filtration  and  dissolution  of  the  filters.  The  elr  g@r«  fiL* 
tn.tlc'fi  was  perfbwwi  in  the  rabbit  hntdh  of  the  Aerobiology  Institute 
(eddgei-isplngsr  values  j  46.9-113.0  colonies  per  1  of  air)f  Part  J.cn  of 
©sIl«oti«i  phseei  5  sdnuies,  Collection  outputs  12  1  of  s&r#  admits,  The 
gelatin  filter*  were  placed  in  sterile  Petri  dishes,  after1  the  filtration 
at  about  20s  C. 

tmt  **  neid  « Bgsttto^jraA..&£  x  100 

iwicrocolcnie*  per  1  of  air  after  iapinging 

b*  Heasarawert  value® 
c*  Average  of  mt&mtmmi  values 

d.  line  interval  between  air  gers  filtration  and  dissolution  of 
gelatin  filters 
#*  &hrs 

In  siwilar  investigations,  the  Impacting  effect  proved  to  oe  hardly 
relevant  at  filtratica  speed*  of  60  ea  s «rl  (see  Figure  4), 

((6)  Tho  initial  rise  in  the  curve  is  ssostly  explained  by  the  fact 
.  itet  the  aerosol  filtration  sqtuf»w«t  in  these  experiaorrta  was  install*!  with 
t3b»  epsftU®  ffcelng  GmmhM  so  that  the  suction  on  the  filter  worked  against 
Hue  grand  ttarreetrielj  sooelsratt&ru } 


Figure  4.  Colony  yield  as  a  function  of  the  filtration  speed.  Air  gems 
filtration  performed  in  rabbit  hutch  of  Aerobiology  Institute  (nddget- 
iatpinger  valuesj  l5.^-69.2  colonies  n^r  liter  of  tlr),  r-olloctlon  output  — 

5#  10,  1.5,  20,  30,  50,  and  60  liters  of  air.  A  total  of  300  1  of  air  were 
filtered  per  experiment. 

Key!  [*,  b,  c,  sane  as  Figures  2  and  3] 
d.  Filtration  speed 

Microorganisms,  which  lose  thrir  repi-oduction  capability  after  a 
relatively  s.'  ort  stay  in  the  atmosphere,  era  also  sensitive  with  respect  to 
the  flltratio,.  process.  Table  1  sheets  us  the  results  of  a  typical  aerosol 
experiment  for  the  coapnrative  determination  of  the  yields  of  reproducible 
cells  of  Serratla  warceacens  when  we  use  the  filtration  and  the  inpinger 
methods.  A  masher  of  ’lidiar  experiments  revoalod  that  the  yield  in  terms 
of  Serratla  cells  capable  of  reproducing  —  a  yield  to  be  obtained  through 
filtration  experiments  —  increased  as  the  water  center t  of  the  aerosol  in¬ 
creased  and  that  it  dropped  as  tho  atomized  water  volume  decreased.  The  ratio 
between  the  filter  yield  and  the  ii^inror  yield  In  connection  with  the  ato®~ 
isatlon  of  calls  from  growing  cultures  w.15  reduced  in  else  by  whole  powers 
of  ten, 

Considerably  different  findings  r -suited  from  experiments  in  which 
spores  cf  Bee  subttli a  var  nlger  were  atomised  (see  Table  2).  Here,  filtra¬ 
tion  produced  larger  colony  yields  than  impinging.  On  the  basis  of  *he  fact 
that  the  aeroeel  contained  a  larger  number  of  aggregations  consisting  of 
several  cells.  Table  2  in  parti ci-!ar  illustrates  the  advantage  of  usirt, 
water-soluble  filters  which  facll  tales  the  eomrdrnstion  of  a  considerable 
part  of  the  cell  aggregations,  ’.hen  surface-active  substances  are  used, 
the  colors  yield.  1  such  eases  will  presumably  increase  oven  further  (see 
Jones  and  Jarsusch,  1959).  TSe  error  margins  given  in  Tables  i  and  2  can 
probably  be  cut  back  considerably  through  lsjproresMiPta  in  the  eaqperiasntal 
methodology,  pert*  eularly  in  aacparlwcnts  with  such  sensitive  bacteria  as 

ggaa&i 
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[  of  Tfcble  i,  page  10] 

Bsx-eri  Rental  conditions,  Atomised  suspension:  45*000  sella  csps.b'i *> 
of  reproducing  "ilTo,i§&  si  of" 0,851  NiCl  solution  per  Hduate,  Ms*  supplied, 
total?  15  1/adxs,  Air  volttLj  auctioned  in  through  collecting  equipaent: 

12  l/iam,  each  tins*  Deration  of  experiments  2  win*  each  time.  Tesspsratorcj 
20°  C. 


Of  the  suspensions  resulting  from  the  dissolution  of  the  gelatin 
filters*  50&  in  etsh  case  and  of  the  impinge?  solutions,  10#,  in  each  £&s», 
ware  used  for  experiment  evaluation*  The  number  of  color! os  to  be  counted 
on  the  following  day,  pea*  preparation*  was  between  335  arid  1,084*  As  a  re¬ 
sult  of  the  early  count  (mlachito-green  method)  there  were  no  inaccuracies 
due  to  overlap  affects. 


The  all-glass  imping sr,  designated  an  AG  I- 30*  ^a*  the  cosaaorcisily 
available  equipment  unit  produced  by  the  MUipere  Filter  Oorp,  The  rsl*- 
tirely  large  scatter  of  measurement  values  obtained  here  was  mainly  4sm  to 
the  fact-  that  the  itspdngsr  solution  did  not  contain  argr  antifesos  addition. 

The  Iwpdnger  according  to  Broun  essentially  waa  basss!  data  of 
tfindisefe  (1965).  The  Inside  diameter  ef  its  intake  [islet]  pi?*  was  barely 
7  am  and  the  ao*al©  dia®et«?  was  1  ast.  In  this  unit,  t)fes  s^oeol  particle* 
are  iwpdu^ed  in  a  tangential  direction,  sisdlar  to  the  S*d&*  isapiagor  (see 
SMpa,  tjlme  and  Chapman,  1959?  I^ler,  Ghipe  and  Painter?  1959),  whereby  tfca 
ablation  it  given  a  rotating  action* 


After  aton&SAtlon,  cells  of  Serratla  mreesc^s  lose  their  reproduce 
tion  capacity  relatively  quickly  not  only  duHj^ihsd?  stay  in  the  stews- 
phere  but  also  duri5^  the  filtration  process;  they  tolerate  preservation  in 
gelatin  filters  quite  poorly.  Since  th«ir  rapid  mortality  is  essentially 
due  to  the  drying  action,  we  can  increase  their  survival  capability  by  add* 
ing  substances  which  wore  or  less  slow  down  the  process  ©f  eel1  drying  or 
which  preserv*  ihfc  cells  against  death  due  to  drying  in  *ome  other  fashion* 

([?]  Wsbb  (i960)  ass. .Tied  that  meso-Inosit  and  other  substances ,  os 
th®  basis  of  their  atarle  configuration,  are  in  a  position  to  replace  the 
water  molecules  within  the  cells  and  thus  to  protect  the  albumin  structure*, 
(hx  the  other  hand,  however,  Zinsaarmnn  (1962)  found  that  atomised  Sasreati a 
cells  are  protested  considerably  better  by  those  sugar  molecules  wMchcEo 
not  pass  through  th#  cytoplasm  membrane  than  by  means  of  sugar  wlecules 
that  have  good  permeation  properties.) 

Figure  5  illustrates  the  influence  of  various  substance#  Atomised 
along  with  the  bacteria  upon  the  survival  capability  of  the  cell®,  after 
absorption  on  gelatin  filters.  Cells  atomised  from  distilled  vats*  died 
off  extraordinarily  rapidly  here  and  atomisation  from  0,85$  KaCl  elation, 
produced  a  mortality  curve  that  is  typical  for  aortosnolecfolar  reactions  with 
a  kill  rat®  of  about  3.65^/minate,  ([8]  In  mortality  curves  with  the  fbaw 

Ct  *  V  the  kill,  rate  per  admits  is*  100 whereby 

m  g«m  concentration  at  the  start  of  th®  curve  and  * 

-  gem  concentration  after  time  t  (min)  (see  8#efe®,  1959)*) 

On  th#  other  hande  additions  f  powdered  skim  saduj,  waso-lnosit,  and 
adliocn  oil  produced  a  considerable  longation  ef  th#  3ifftU.se  of  sow 
of  the  isolated  bacteria. 


.  -v-  •  •<*  — ; - - - - - - - 

-  §e»»  «  (4)  m  m»  m 

w.;;  2W*«W»»S  wrlK!*n  AtrtamhralHat  md  AvfUn m  dm  Ftitm 

s  :  .  .  . 

’'  fl{m  5»  Cblaif  yield  as  a  function  of  the  duration  of  the  tine  interval* 
between  Mr  gem  filtration  and  dissolution  of  the  filters.  Aerosol  duct 
BffiegjawBte  with  Serygyjfta  wsreeseens.  atomised  froa  distiXlwi  nW,  fr©»  . 

•  ®.o5#  m&  eoletioffl,  fben  0.02$  silicon  oil  assulsioa,  fbo«  0.1#  powdered 

■  sMn  nOk  suapenoicsi,  and  frea'TjC  aeso-lnosit  solution.  In  each  ease,  we 

filtered  Iter  2  adiwte*  with  a  Suction  output  of  12  l/sdaote,.  fet  space 

•  ,;pwtv/';.  reasons,  wo  did  not  show  the  Individual  measurement  value*  In  this  illns* 

’  tsufica*  The  yield  eoawatAtises  is  the  same  a»  for  Tables  1  and  2. 

.  fMM  Xvt  a.  tendered  *ki»  «Slk  J  .  .  e.  Held 

'  b,  ftUieoet  oil  d.  Tine  interval  between  Aerosol  ■ 

'  '  filtration  and  dissolution  of 

filters.. 

According  to  Meotra^Moroscope  investigations  (ftreussor  and 
a*  yet  unpublished),  the  protective  effect  of  elbnaln  and  silicon 
ell  obviously  is  based  on  the  fact  that  these  substances  are  deposited  in 
■V4ff  the  torn  of  nere  or  less  dense  film  along  the  Surfaces  of  the  atowlsed 

beeterie.  sells.  flocking  salt,  on  the  other  hand,  seems  to  protect  the  cells 
$p£y  m  the  basis  of  its  hygroscopic  properties.  Figure  6  shows  that,  in  aerosol 
duct  aapsriaiettta,  with  SerratU  aarcescons.  the  colony  yield  achieved  with 

S|C  the  help  of  the  Erua*  mribrana  filter  method  increased  as  the  Rad  content 
C, 1  of  the  atoMsed  hspowlon  increased,  until  it  dropped  again  at  had  oca* 
Kyeentrettao#  of  acre  than  1,7 #  due  tw  a  considerable  enlargement  of  ths 
irdividuttl  aerosol  droplets}  this  Is  due  to  the  faot  +bat  the  enlargement 
. the  droplet*'  resulted'  in  a  redaction  in  the  maker  of  t^aotlng  droplets, 
';flpC  As  Shot  tfaet.  efe#  droplets  beesae  larger  as  the  Rad  ©oooentrAtloa  increased 
’  .S'  'MMit'tiiliiAr  be  reoogeds*!  in  oarbele^throsin- stained  md  lwarsi.cn  oil^ 

'  "‘f  ■■  C.  MSfeed  nertvcmi  filter  pregnpstlaw,  under  the  ederoooopo. 


ih 


v  90S  if  %  U 

fo&-G*he/tdr>vniMt&8akkmm*yvnim  (d) 

Figure  6»  Colony  yield  when  NaCl  content  of  *  to  sized  bacteria  suspension 
increases,  Aerosol  duet  (experiment  with  Serratla  marcescens.  In  each  oasis 
vs  filtered  for  2  admits*  (12  1/srin)  on  MF  30  membrane  filter  with  grid. 

X  »  usher  of  atomised  cells  capable  of  multiplying  per  liter  of  air, 

S  »  number  of  calls  isolated  through  filtration  at  the  duct  exit  end  cap¬ 
able  of  reproducing,  per  liter  of  air. 

K«y»  a.  Held  c.  Average  of  measurement  values 

b.  Measurement  values  d.  Nad  content  of  atomised  bacteria 

suspension 

In  order  to  get  indications  on  the  numerical  ratio  between  cells 
that  are  capable  of  reproducing  and  those  that  are  not  capabltv  of  reproduc¬ 
ing,  el r  germ  preparations  from  the  rabbit  hutch  of  the  Aerobiology  Insti¬ 
tute  and  preparations  from  Serratia  marc esc ens  cells,  isolated  from  the 
aerosol  duct,  were  incubated  as  usual  for  a  short  time  (mostly  4~8  hours) 
on  membrane  filters  And  they  were  then  stained,  made  transparent,  «nd  in- 
r estimated  microscopically.  The  result  of  thesr  investigations  was  unsat¬ 
isfactory,  They  were  therefore  discontinued  after  some  time.  A  microscopic 
inspection  of  preparations  of  the  hutch  aerosol,  illustrated  through  filtra¬ 
tion  according  to  Kruse,  frequently  revealed  large  dust  particles  to  which 
adhered  numerous  microorganism  cells  which  could  not  have  come  into  contact 
with  the  nutrient  medium  during  incubation.  A  decision  as  to  the  Multipli¬ 
cation  [reproduction)  capability  of  such  cells  was  therefore  impossible 
from  the  very  beginning.  In  preparations  illustrated  with  the  help  of  the 
gelatin  filter  method  the  error  caused  by  such  effects  appeared  rather  in¬ 
significant  but  the  count  of  all  of  the  individual  cells  —  in  the  evalua¬ 
tion  of  aerosol  duct  experiments  and  in  the  dissolution  of  the  filters  with 
alcohol  and  ether  or  with  methylcello solve  —  could  be  made  hardly  with  the 
acme  accuracy  as  the  count  of  slide  preparations. 

In  other  experiments,  an  attest  was  made  to  modify  the  air  gene 
isolation  method  described  by  Haohala  and  Sporty  (19.59).  the  methodology 
here  Involved  the  following »  atomised  cells  of  Serratia  nsrceceans  were 
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fhM  the  aerosol  dtiot  On  Siemlmnn  MHa*  »  in 
P®ad«S  in  »*thylo«Ho*olve  while  the  filter  ^f!I*  *?  30  “Jf  1  *«®» 

;S2r 

sss&ss'ss  ajy-  g-s-" -\aKu53& «,? 

Mon  efpSI  JblS^»1i  !7,5”„  n"tT‘  if  of  th.  ftltr*. 
plMad  mi  g.  nnA-imt _ pi  -  1?“  °'P%  NaQ  solution  and  they  were  finally 

>^tt»S,\Swrl^SLSi,1"J"b*t*1-  ™*  “U**  tum*d  oot  to  bT^ 

°n*  »£  .^rl’^^0r,^tcrUrlT  rtno* tb* 


■'V  <.: 

;,-r  . : 

■ 

.  '■r’tt 

, •  <  j  ■ 

v,' 

%.s. .-  •  . 

:' 'C^v. 


formUUl^ThiSlJ^^*J^',<.*r  ,",tho'1*'  "Mok  do  not  fwlUut.  •  dlf- 

^~^hl££d%T?*?.  ^  gr“  “*  ooowrlng  .coompuj,, 

la  tt.  th.  gOUtin  filter  .dhS^ 

th.  tralMl  in,,  f*  _offloiw»t  method  for  th.  onlaotlT.  enrichment  of 

tetSllSS2^thL!hri^rh?‘!”,fl0r**  At  ■th»  MB»  «*•  it  lo  .5p«rw 
''ootdg.tl^n.S't,  .  ,  ot  **•  Mtchw  efflolncy;  here,  ^ 

.;,  .-4;  .*•  I*™"*4  «Mot3y  on  aloroonuin  or«ur.tl<.. 

1"Ut*1  tm,  th.  ttno.plwro,  without  th.  ooltlySS  nothcd  IH£h™ 

*-^*<StS‘^,«'t^d*”irtl"h,,f ««”  ?"«*«“<»*  «n- 

ooltivntlon  uthodi  wth  ntSThoip  th^*fOT?20JSd*to1??9  d*’,'rr‘b6d  ’*> 
0«U  oounte  In  the  preparations  o/narlL  35  tlw«  greater  live- 

Dlreot  oellSSt*  ir.  thlir  i^wti«S^  mcro-wlony 

150  tlaee  the  count  ft. _ _  ITf.  inv»«**g*Uon  Material  even  yielded 

««mtfS  •UdrSL^tS^  i  W  p;TTtlCn*  4951  *****  2  tfc. 

f *  M‘*  certainly  not  hasty  In  ccnoludin*  or 

C*11  00unt»  can  he  achieved  also  in  serobiolLlflal 
Investigation*  If  the  laboratory  Methodology  1.  further  develop^? * ^ 

a2s&;S35S35Ss?j»  E“r 

a&ssrjs:  -« 

■net otmbo ddidJL  '!!! Ww)1t^L J5635 11  «»t 

w.  «p-rirt»r.  m  t«i  v*.1**^ 

£src  sssffiusr.s  ri^-30^ 

nil,  ttnrtid  In  **•-  .#  [J®*1^**^*  plounfi  ihrluhtM,  thnu 

!>  ■SSToli.  did  not 

* - —  fr»  idtJTlrtJtloSr  •»«*«.  »«  d-Unro***. 


1.  Gelatin  filters  are  considerably  Here  suitable  fur  air  gera  am  ly¬ 
ses,  generally  speaking,  than  membrane  filters.  This  is  baaed  primarily  or 
their  water  solubility  which  makes  it  possible  to  produce  any  desired  dilu¬ 
tions  of  the  preparations. 

2.  The  vitality  of  microorganisms,  which  are  in  a  position  to  with¬ 
stand  longer  stays  in  the  atmosphere  and  come  out  alive,  is  obviously  not  at 
all  Impaired  or  reduced  only  very  little  due  to  drying  and  Impact  effects 
during  the  filtration  process  (filtration  perio  investigated  up  to  30  srin- 
utes,  filtration  speed  up  to  at  least  60  cm  •  sec""3'). 

3.  Gelatin  filter  preparations  of  such  microorganisms  can  be  pre¬ 
served  dry  for  many  days  at  room  temperature,  prior  to  laboratory  evaluation, 
without  any  essential  impairment  in  the  quantitative  analysis . 

4.  In  aerosols  produced  by  means  of  artificial  atomisation  of  Bac 
sub tills  rar  nlger  (Bac  globlgli),  it  is  possible  to  achieve  higher  yield* 
with  the  help  of  the  gelatin  filter  method  than  when  w*  use  the  AGI-30  lai- 
ping  *r  and  the  imping or  according  to  Bronn. 

5.  Calls  of  Serratja  aarcescens.  which  normally  quickly  lose  their 
reproduction  capability  in  oaee  of  artificial  atomisation,  tolerate  the  fil¬ 
tration  process  and  preservation  on  dry  gelatin  filters  rather  poorly.  Both 
as  aerosol  component*  and  on  gelatin  filter  surfaces  they  remain  Intact  re¬ 
latively  long,  if  they  are  a toed  ted  in  the  presence  of  certai  n  substances 
that  protect  them. 

6.  The  efficiency  of  the  gelatin  filters  currently  »sd«  by  the  Han- 
brane  Filter  Company  for  aerosols  of  Bac  subtlli s  rar  nlger  made  by  atomi¬ 
sation  from  0.8 5^  MaCl  solution  is  betwearT 99.905&  and  99*9%,  at  filtration 
speeds  of  i-12  ea  »  sec'3.  In  the  filtration  of  aerosols  with  very  high 
moisture  contents,  the  efficiency  of  the  filters  can  be  reduced  due  to  the 
enlargement  of  the  pores. 

7.  The  gelatin  flitw  method  makes  it  possible  to  separate  the  cos*, 
ponenta  with  a  long  survival  rate  from  the  air  micro flora  and  to  distinguish 
them  from  accidentally  occurring  short- la  .ad  accompanying  organisms  .  At  tha 
same  time  the  employment  of  the  gelatin  filter  method  is  advisable  whsrerrer 
optical  and  electron- optical  investigation*  are  to  be  undertaken  directly  on 
the  Isolated  air  germ  material.  In  this  respect  it  is  normally  superior  to 
ths  imping *r  methods,  particularly  for  the  reasons  mentioned  under  point*  % 
4,  and  6,  above,  and  because  of  the  fact  that  it  are  also  be  used  i»  ccnr.  o- 
tion  with  admits  temperatures. 

This  project  was  carried  out  in  cooperation  with  ths  Gottingen  Use*, 
brans  Filter  Oompany. 

X  want  to  thenk  Or  l  filsa,  three  tor  of  the  Institute  cf  Aerobiology, 
for  meirfw;  this  study  possible  and  I  want  to  etpeeas  ay  thank*  to  him  fbr 
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Id*  constant  ml  and  srterial  support,  At  the  seise  tiaa  I  vent  to 

•agree*  w  appreciation  te  Dp  D  Aon  end  Mb  R  Gropl  of  the  Membrane  Filter 
Oewpeny  for  the  nary  valuable  suggestions  and  Idee*  th^r  offered}  likewise, 
X  want  to  thank  sy  oollaborators,  Hr  0  Konig  end  Mr  A  Schrlehten  for  their 
aKtaaordinarlly  eaeaoiantioas  and  thorough  cooper*  tlon  in  these  expend  Rents, 
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